Abstract. Certainly, using herbal plants is the oldest way of mankind to treat the diseases. Considering the drug resistance and the side effects of chemical antibacterial drugs, the research approach is increasingly going toward using natural resources. Hence, this study aimed at examining the antimicrobial effect of Thymus vulgaris, Eucalyptus caesia Benth and Rosemarinous officinalis extracts against 3 species of pathogens and examining the effective components of the extracts.Antibacterial effect of T. vulgaris, E. caesia Benth and R. officinalis extracts was examined against 3 species of bacteria Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella pneumonia using disk diffusion method. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were evaluated at the times 24, 48 and 72 h. Also the effective components of the extracts were measured using Gas chromatography-mass spectrometry (GC-MS).Obtained results revealed that all 3 extracts possess inhibitory effect on used pathogenic species, but T. vulgaris extract show the highest effect compared with the other used extracts. Also comparison of the antibacterial effects of the extracts with 3 antibiotics Ampiciline, Penicillin and Tetracycline showed that the antibiotics possess a better effect in controlling the pathogens.Results of the present study showed us that T. vulgaris extract possess strong inhibitory effect on pathogenic bacteria, so it can be used as an antibiotic drug which derived from a herbal plant.
INTRODUCTION
One of the challenges in controlling infectious diseases is antimicrobial drug resistance. Formation of multiple drug resistance in bacteria, against common antibiotics, over the past several decades has emerged many problems in the treatment of bacterial diseases. This causes increasing attention to natural materials as new antimicrobial substances. Plants have known as the cheapest and safer substitute sources of antimicrobials (Kumar et al., 2012) . Since the first documented scientific research about antimicrobial activity and chemical composition of plant, in the second half of the 19th century (Zaika, 1988) , research have continued in this area and plants were investigated for better recognizing of their properties, safety and efficiency (Gobalakrishnan et al., 2013) . Plant extracts have both phytochemical and antimicrobial properties and can be important for therapeutic applications (Nagesh and Shanthamma et al., 2013) . Plants are rich in a wide variety of secondary metabolites such as tannins, terpenoides, alkaloids and flavonoid, which have been found to have antimicrobial properties In vitro (Cowan, 1999) . Thymus genus is belonged to Lamiaceae family that comprises the most commonly used medicinal plants in the world as a spice and as a source of extract with strong antioxidant and antibacterial traits (Ouibrahim et al., 2006) . These plants are native to Southern Europe and Asia and consist of more than 300 evergreen species of herbaceous perennials and sub shrubs (Azaz et al., 2004) . Thymol oil, derived from thyme, has exhibited biological traits such as antimicrobial, antioxidant and antiseptic activities (Abdel-Shafi, 2013) .
Eucalyptus genus belongs to Myrtaceae family and is native to Australia. Traditionally, this herb has been used to treat diabetes (Duke, 1985) . AntiBacterial activity of eucalyptus species has been reported in several studies (Lee et al., 2008; Ghalem and Mohamed, 2008) . Rosemary (from Lamiaceae family) is a shrub with 0.8 to 2m height and has a rich content of essential oils (1 to 2.5%) (Ouibrahim et al., 2006) . In this study, the chemical compositions and antibacterial activities of three extracts of T. vulgaris, E. caesia Benth and R. officinalis were determined, and their antibacterial effects were compared against three strains of human pathogens (S. aureus, K. pneumonia and P. aeruginosa) .
MATERIALS AND METHODS

Plant materials
Fresh aerial parts of herbs (including T. vulgaris, R. officinalis, E. caesia Benth), were collected from the Lorestan and Chaharmahal provinces (Iran) in 2012. The herbs were dried at room temperature for 3 days. The dried herb samples (500 g) were grounded and subjected to hydro distillation using a Clevenger-type apparatus. The oils were dried by anhydrous Sodium Sulfate (Na 2 SO 4 ) and stored at 4 0 C in a sealed amber vials until use.
Oil analysis procedure
Analysis was performed using Gas chromatographymass spectrometry with a HP-5MS column (30 m × 0.25 mm, film thickness 0.25 m). The carrier gas was helium at flow rate of 0.8 mL/min. The column temperature was kept at 50 0 C for 2 minutes and it was programmed to 200 0 C at a rate of 3 0 C/min and kept constant at 200 0 C for 10 minutes. The injection was performed in split mode with ratio of 50:1 at 250 0 C. The compounds were identified by comparison of RRI (relative retention indices) with those reported in the literatures and also by comparison of their mass spectra with published mass spectra (Sparkman, 1997; Adams, 2005) . The retention indices for all the components were determined according to the Van Den Dool method using n-alkanes as standards (Van den Dool and Dec Kratz, 1963) .
Microorganisms
For bacterial strains, S. aureus (ATCC25923), P. aeruginosa (PTCC1430), and K. pneumonia (PTCC1053) were taken from Traditional Medicine Institute of Isfahan (Iran).
Culture preparation
Initially, Muller Hinton Agar (MHA) medium was prepared and poured in sterilized Petri dishes with 5 cm thickness. In aseptic condition, the samples of bacteria were inoculated in medium.
Antibacterial assay
In order to study the antimicrobial effect, disk diffusion method was used. After 18 h, from liquid culture of bacteria, 500µl of liquid containing bacteria (standard density =1×10 6 CFU mL -1 of 0.5 Mac Farland) was gently distributed on the surface of Muller Hinton Agar (MHA) using sterile loop. For disk preparation, essential oils were diluted (W/V) so that each µL contained 500 μg essential oil, and 20 μL of essential oils were added to each disk with concentrations 0.78, 1.56, 3.12, 6.25, 12.50, 25, 50 and 100 µg/disk. Disks containing antibiotics ampiciline, penicillin and tetracycline were used as positive control. The diameter of inhibition zone was measured at 37 0 C at 24, 48 and 72 h in triplicate. Minimum inhibitory concentration (MIC) value is the lowest concentration of an antibacterial agent that prevents visible bacterial growth after 24 h of incubation at 37 0 C and minimal bactericidal concentration (MBC) is the lowest concentration needed to kill certain bacteria. In order to determine the MIC and MBC against S. aureus, P. aeruginosa and K. pneumonia, the suspension of bacterial strain was prepared from liquid culture with standard turbidity of 0.5 Mac Farland. The essential oil which was diluted (10%) with water (with primary concentration of 500µg/µL) was prepared and different dilutions (6 dilutions) were added to the tubes containing 10 mL of liquid culture medium. In order to determine MIC (using Microwell method) (Şahin et al., 2004; Gavanji et al., 2014) , the 96-well plate was used so that 95µL of Mueller-Hinton Broth and 5µL of microbial suspension were added to every well. 100µL of the essential oil with concentration of 500µg/µL was added to the first well then 100µL from first well was transferred to the next well. This process went on to the 6th well. The last well was contained 195µL of Mueller-Hinton Broth culture medium. In the next step, the ingredients of every well were mixed (using Rotary Shaker) for 20 min. Then it was put in incubator for 24 h in an appropriate temperature (37 0 C). The microbial growth was measured at 600 nm (Gavanji et al., 2011) .
Data analysis
Data were analyzed using SPSS software via one way ANOVA method and mean comparison was done through Tukey method. Differences at p<0.0001are considered significant (Gavanji et al., 2014) .
RESULTS AND DISCUSSIONS
Antibacterial effects from different concentrations of E. caesia, R. officinalis and T. vulgaris oils on three species bacteria S. aureus, K. pneumonia and P. aeruginosa showed that concentration 100 µg mL -1 (in all three oils), compared with lower concentrations, was more effective on all three bacteria ( Fig. 1,2,3) . Obtained results showed that E. caesia and T. vulgaris extract had bigger inhibition zone against S. aureus in their different concentrations and smaller inhibition zone against P. aeruginosa (Fig 1,2) . The effects of R. officinalis extract on S. aureus and P. aeruginosa were almost equal in all concentrations and this effect was higher than the effect on K. pneumonia showing a different pattern in E. caesia and T. vulgaris (Fig 3) . Considering table 1 below, concentration 100 µg/disk of T. vulgaris extract has created bigger inhibition zone, compared with two other extracts and antibiotics (ampicillin10 µg/disk, Penicillin10 µg/disk and tetracycline 30 µg/disk), so it possess a better antibacterial effect on all three species of bacteria at all-time intervals. E. caesia, among other extracts, showed smaller inhibition zone, but it created bigger inhibition zone at all-time intervals compared with ampicillin and penicillin.
Gavanji et al. Chemical Composition Identification and Comparison Antibacterial Activity of Some Essential Oils against Three Pathogenic Bacteria Fig 3: Diameters of inhibition zone from different concentrations of T. vulgaris essential oil against three bacterial species
Results from MIC and MBC determination showed that three extract had the most antibacterial activity against S. aureus and the lowest against P. aeruginosa. MIC50 and MIC90 values (the concentration that inhibits 50% and 90% of bacterial isolates, respectively) obtained from essential oil of E. caesia were 29 and 56 against S. aureus (Table 2) , 38 and 71 against K. pneumonia (Table 3) , and 46 and 95 against P. aeruginosa, respectively ( (Table 3) , and 48 and 79 against P. aeruginosa, respectively (Table 4) . MBC values of this extract against S. aureus, K. pneumonia and P. aeruginosa were 61, 74 and 96, respectively (Tables 2, 3 and 4). It showed that these three extracts possess the most antibacterial activity against S. aureus and the lowest against P. aeruginosa.
The results of T. vulgaris oil analysis by Gas chromatography-mass spectrometry showed 49 chemical compounds that they conclude 88.96% of total oil composition. The major components of the essential oil were made by Carvacrol (43.42%) and other major compounds were Linalool (20.22%), Isomenthone (4.92%), Alpha-pinene (3.19%) and Carvone (1.45%) and. In addition, phenylpropanoids compounds and monoterpene hydrocarbon were belonged to the essential components (Table 5 ). The chemical analysis of R. officinalis essential oil has identified 11 compounds which they comprise 78.25% of the total oil. Major components of the essential oil included alpha-pinene (23.93%), Verbenone (15.44%), Camphor (10.97%), Camphen (8.7%), Pcymene (7.48%) and 3-Octanone (5.63%) ( Table 6) .
Results from E. caesia Benth oil analysis showed 27 components which they include 91.3% of the total essence. The major components of the essential oils in this plant were 1,8-Cineol (40.18%), p-Cymene (14.11%), gamma-Terpinene (12.43%), Terpinene-4-ol (5.62%) ( Table 7) . A body of research has documented the antimicrobial activity of essential oils including E. caesia, T. vulgaris and Rosmarinus officinalis (Fu et al., 2007; Figueiredo et al., 2008; Bayoub et al., 2010; Stojanović-Radić et al., 2010) . In disk diffusion test, for each of the three extract, concentrations of 100 μg/disk showed better antibacterial effect. Comparison between results of antibacterial activities from essential oils and antibiotics showed that the inhibition zone of T. vulgaris was larger than the inhibition zone caused by antibiotics against each three bacterial strains. Inhibition zone of R. officinalis oil against S. aureus and K. pneumonia was greater than the inhibition zone caused by three antibiotics against the bacteria. E. caesia essential oil, compared with ampicilin, had greater inhibition zone against S. aureus and P. aeruginosa. The inhibition zone of eucalyptus against K. pneumonia was greater than inhibition zone of three antibiotics against these bacteria (table 1). (Agnihotri and Vaidya, 1996) . In a study, antibacterial effect of T. vulgaris essential oil was evaluated on P. aeruginosa with MIC value 0.32 mg mL -1 (El-Shouny and Magaam, 2009). In our study, MIC90 from T. vulgaris extract against P. aeruginosa was 68 µg mL -1 which is lower than MIC value in study of El-Shouny and coworkers which it means a better antibacterial activity. Another study reported that the MIC result of antibacterial effect of T. vulgaris essential oil on S. aureus ATCC 25923 is 1.33mg mL -1 (Imelouane et al., 2009). As it is expressed in our results, T. vulgaris essential oil had lower MIC value (MIC50, MIC90 and MBC= 19, 35 and 52 µg mL -1 , respectively) than that reported by Imelouane and coworkers. In another study, MIC values from Thymus caramanicus extract on 6 strains of P. aeruginosa were reported 0.06, 0.25, 0.5 and 0.25 mg mL -1 (Mohammadi and Akkafi, 2012) . According to the report by Vratnica and coworkers about the effect of Eucalyptus globulus essential oil on S. aureus ATCC 25923, P. aeruginosa ATCC 27853 and K. pneumonia, MIC value were 0.09, 1.57 and 1.57 mg mL -1 , respectively and MBC values on these bacteria were reported 0.18, 3.13 and 6.25 mg mL -1 , respectively (Vratnica et al., 2011) . In present study, eucalyptus essential oil showed higher antibacterial activity against Staphylococcu saureus, K. pneumonia and P. aeruginosa (lower MIC and MBC values) (Tables 5, 6 and 7) than that of reported by Vratnica and coworkers for this essential oil. This could be due to differences in concentration of active ingredients present in the extracts. In a study, MIC and MBC results from antibacterial activity of Eucalyptus camaldulensis were reported 64 and 128 µg mL -1 , respectively (Owlia et al., 2010) . The results of Owlia and coworkers study were correlated with results of present study (MIC 50, MIC 90 and MBC of Eucalyptus extract: 46 ، 95 and 128 µg mL -1 , respectively). 
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Pathogenic Bacteria Table 6 : Chemical compositions of R. officinalis identified by Gas chromatography-mass spectrometry Table 7 : Chemical compositions of E. caesia identified by Gas chromatography-mass spectrometry Shariff reported that antimicrobial effect of some genus from Myrtaceae family is due to the presence of components such as saponin and tannin (Shariff, 2001) . Volatile aromatic oils of E.camaldulensis are used in eucalyptus syrup, anti-cough soluble and medical suppositories (because of strong antimicrobial activity) (Babayi, 2004) . In a study by Silveira and coworkers (Silveira, 2012) about anti bacterial activity of R. officinalis extract against S. aureus ATCC 25923 and P. aeruginosa ATCC 27853, it was reported that P. aeruginosa ATCC 27853 is not susceptible to this extract (in all concentrations), but the effect against S. aureus ATCC 25923 showed MIC of 10 mg mL -1 . In present study MIC50 and MIC 90 of R. officinalis against P. aeruginosa PTCC1430 was 48 and 79 µg mL -1 , respectively. Difference between our results and reported result by Silveira and coworkers, may be due to more resistance of P. aeruginosa ATCC 27853 than P. aeruginosa PTCC1430. Thus in our result MIC against S. aureus ATCC 25923 was lower than that of reported by Silveira and coworkers (MIC50=23 µg mL -1 vis. MIC=10 mg mL -1 , higher antibacterial activity of this extract in our results). In another study, antibacterial effect of R. officinalis extract was examined against P. aeruginosa ISIRI 275 and S. aureus PTCC 1112 and MIC value was reported as 625 and 312.5 µg mL -1 , respectively (Mohkami et al., 2014; Kim et al., 1995; Cimanga et al., 2002) . As it is indicated above, T. vulgaris essential oil showed lower MIC and MBC value (more antibacterial activity) than two other extracts, but in comparison with antibiotics, this extract had greater MIC and MBC value. For all three bacteria, E. caesia essential oil showed the highest MIC and MBC value (tables 2,3,4). Comparison between disk diffusion, MIC and MBC results, reflects the fact that the presence of a greater inhibition zone against a bacterial strain, necessarily is not associated with low values of the MIC and MBC. As shown in present study and other researchers results, gram negative bacteria (such as K. pneumonia and P. aeruginosa) are more resistant to antibacterial substances, herbal extracts and essential oils than gram positive bacteria (such as Staphylococcu saureus). This is due to the structure of cell wall in gram negative bacteria so that the outer membrane creates more resistance against antibacterial substances in gram negative bacteria (Tassou and Nychas, 1995) .The results of T. vulgaris essential oil analysis showed 49 chemical compounds that they consist 88.96% of this oil (table 5) . Carvacrol and Thymol are two phenolic compounds found in T. vulgaris which their strong antimicrobial effect has been revealed by researchers in several studies (Vernozy-Rozand et al., 2002; Özkan et al., 2003) . Usually essential oils which are rich in phenolic compounds show significant antimicrobial properties. These compounds can penetrate into the cell membrane and the cell contents have been involved in clotting consequently (Imaida et al., 1983; Chisowa, 1997) . Carvacrol reacts with cell membrane through changes in permeability of channels of H+/K + which makes change in ionic gradients leading to cell death ( Ultee et al., 1999; Didry et al., 1994) . The chemical analysis of Rosemary essential oil by Gas chromatography-mass spectrometry has identified 11 compounds (Table 6 ) which they consist 78.25% rosemary essential oil. The antimicrobial activity of R. officinalis essential oils may be related to high concentrations of compounds such as α-pinene and camphor. It is reported that these compounds showed antimicrobial effects (Gachkara et al., 2007; Okoh et al., 2012) . Gas chromatography-mass spectrometry results from essential oil of E.caesia Benth showed 27 components which they consist 91.3% of the oil. Its major component is 1,8-Cineole (40.18%) ( Table 7) . In a study, essential oils extracted from leaves of three species of grown Eucalyptus (Eucalyptus radiate, Eucalyptus globulol and Eucalyptus smithii) were analyzed using Gas chromatography system in which 27, 23 and 26 components have been identified in these species, respectively. The important component in all tree species was 1,8-Cineole which it builds 70.1%, 80.8% and 86.4% of the whole essence, respectively (Chisowa , 1997) . Cineole is an important material in Eucalyptus plant. This component has antimicrobial effect. If there have been more than 90% of Cineole, the oil will possess a very strong antimicrobial activity in its low dose (Samaté et al., 1998) . Quality and quantity of the essential oils components from particular species vary based on seasons, geographical location and the location of plants. In some species, the essence is well made in warm and sunny season. Climate and soil conditions can affect the composition of the oil (Arnold et al., 1997) . Unique properties of essential oils make microorganism unable to show resistance (Agnihotri and Vaidya, 1996) .
CONCLUSION
Three essential oils (T. vulgari، E. caesia، R. officinalis) used in present study showed antibacterial activity against S. saureus, K. pneumonia, P. aeruginosa. Among these extracts, Thymus vulgari essential oil with bigger inhibition zone and lower MIC and MBC value had higher antibacterial activity against the bacteria. The essential oils of different herbal plants are composed of complex mixtures of various chemical compounds and many of them show a strong antimicrobial activity with different modes of action. This unique property of essential oils makes microorganism unable to show resistance.
The promising results obtained from such studies encourage researchers to evaluate other native herbs for their antimicrobial activities to find the most potent natural and safe antimicrobial compounds.
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